Introduction
The global consumption of natural gas continues to grow, and competition for access to gas resources will intensify (International Energy Agency 2010a). The world's natural-gas consumption amounted to 111 Tcf (3,149 billion m 3 ) in 2009, with three mature consumer markets (North America, Europe, and Russia) and several emerging markets (Fig. 1) . To counter the decline of indigenous gas production from conventional resources, North America pioneered the innovative production of natural gas from so-called unconventional resources.
The development of such unconventional gas resources requires horizontal drilling and high-pressure fracturing of the rock, as well as a pioneering spirit to turn these risky geological plays into economically proved reserves. These provide the asset base for a potentially profitable natural-gas business. Over the past decade, the USA and Canada have succeeded in reversing the imminent decline of their domestically produced natural gas. The production of US domestic gas from unconventional reserves in 2009 surpassed the domestic output of conventional gas. The rest of the world has now become eager to follow the North American example (Jaffe 2010; Knight 2010) , mostly spurred by concerns about security of supply. Exploration for unconventional gas resources has attracted some global hype but is still at an early stage of the game because production of unconventional gas outside North America remains insignificant.
From a country perspective, a major motivation for developing newly inventoried unconventional indigenous gas resources is to improve the national security of gas supply. To achieve such security of supply, a sustainable business performance is needed in the emergent unconventional-gas sector. A country may harness substantial gas resources, but if there are no "takers" to upgrade the resource potential into "sustainable" proved reserves (and produce), the gas will not come to the market. Such "takers" may come from a range of E&P companies: international oil companies, national oil companies, public/private partnership oil companies, or independents; ultimately, the development of unconventional natural-gas resources into producing proved reserves is a task that must be executed by oil and gas companies. For example, the reserves maturation process for unconventional gas resources in North America has been fully financed by stock-listed entities, stimulated by some tax incentives (such as Section 29 of the US Tax Code), and accompanied by regulation that boosted both the consumption and production at an earlier stage of the decline in the natural gas business cycle [see Weijermars (2010a) for a recent review of the US gas value chain].
For the sustained success of unconventional-gas operations in North America, and for expansion of this success elsewhere in the world, a sound business performance by unconventionalgas companies is crucial. Unconventional-gas companies (mostly independents) have attained significant market capitalization in North America with USD 250 billion at stake in 2009 in the 20 leading companies alone. However, the business fundamentals of unconventional-gas companies became the subject of intensifying debate at the end of the past decade. An increasing number of analysts raised concerns about the liquidity of US unconventionalnatural-gas companies (Schaefer 2009; Cohen 2009; Berman 2010a, b; Nasta 2010; Dell and Lockshin 2010) . Low natural-gas prices have put severe pressure on the operational earnings of natural-gas producers since mid-2008. The competitive advantage of unconventional-gas companies has been weakened by gas prices that remained low in 2009 and 2010, up to the completion date of this study. To remain attractive for investors and to retain their investments, the business performance must improve.
This study provides a rigorous assessment of the business model for unconventional-gas companies, with particular focus on their economic-value-adding capacity and the security of equity invested in them.
Shareholders Stake in Unconventional-Gas Business It is fair to say that investors have played a key role in the early success of the emerging unconventional-gas business in North America.
The generous supply of equity and debt capital, mostly over the past 2 decades, has built more than 45 unconventional-gas companies in North America (Dell and Lockshin 2010) . The 20 leading unconventional gas players are listed in Table 1 . They all classify as so-called "independents" and represent an average market capitalization of USD 12.1 billion each (Table 1 ). The total market capitalization of these 20 unconventional E&P leaders amounted to USD 242 billion at the end of the first quarter (Q1) of 2010 (Table 1) . For the sustained success of these US and Canadian unconventional-natural-gas businesses and for the development of similar success elsewhere in the world (Jaffe 2010; Knight 2010) , security of gas supply must go hand-in-hand with the secure creation of shareholder value.
North American natural-gas companies' levels of leverage follow primarily from the issuance of shares in return for equity-capital, and secondarily by attracting debt-capital, supported by the equity as collateral. Holders of debt-paper are paid first in case of any insolvency that would lead to bankruptcy. Unconventional-natural-gas companies in the USA and Canada have become more highly geared, with assets financed by an average of 74% of debt over equity financing for a representative industry panel as per Q1 2010 (Table 1) . Equity-financed net assets provide the collateral for the debt-financing. In fact, 57% of the total market capitalization is equity-financed and 43% is debtfinanced. These numbers can be derived from an average ratio of debt ÷ equity = 0.74 ÷ 1 (Table 1 ), so that debt plus equity equals 1.74 normalized capital, equity capital = 1/1.74 = 57% (USD 138 of USD 242 billion total market capitalization is equity capital), and debt capital = 0.74/1.74 = 43% (USD 104 of USD 242 billion total market capitalization is debt).
Clearly, unconventional-gas operations must continue to create shareholder value in order to ensure sustainable security of indigenous gas supply. Although companies with excellent growth potential can sometimes boost shareholder returns by leveraging debt over equity-financing, debt gearing ratios larger than 0.4 to 0.5 can be considered too high and too risky. Small and earlystage companies often rely on private equity and debt financing, but the average gearing ratio of 0.74 for the North American unconventional-gas business in 2010 could be seen as exceptionally high. For a comparison, the world's five leading oil and gas majors (Exxon, Chevron, Shell, BP, and Total) had an average debt-to-equity ratio of 0.22 at the end of Q1 2010. Equity financing provided 82% (USD 770 billion) of their market capitalization, and debt capital provided the remaining 18% (USD 170 billion).
Equity investors in unconventional-gas companies will continue their support only when future shareholder value is built rather than destroyed. Profit optimization and sustainable business growth remain the principal objectives for shareholders in natural-gas companies, while debt holders are usually more concerned with protecting their investment from default. This study aims to provide detailed insight into past performance and future challenges and opportunities for secure returns on investment in the unconventional-natural-gas business. This study juxtaposes the financial performance of unconventional-gas operators (Table 2 ) with 68 to 97% (mostly unconventional) gas production and diversified oil and gas majors with 32 to 41% (mostly conventional) gas * The 20 E&P operators active in US and Canadian gas production are selected using two criteria: capitalization above 2 billion USD and gas production accounting for more than half of total production output. Companies in red (italicized NYSE symbols) are used in further value analysis.
production. Such a comparison is useful because investors have a choice, and nonconventional gas companies ultimately must be able to compete with the strongest performers in their industry.
Methodology for Analyzing TSRs
TSRs have been calculated for unconventional-gas business and diversified oil and gas majors using representative peer groups, each comprising five companies as shown in Table 2 . The Boston Consulting Group (e.g., Olsen et al. 2010 ) has advocated a model for quantifying the relative contribution of various value-creation components to TSRs. In this study, a similar TSR decomposition is adopted, distinguishing three value-creation components: (1) capital gains from economic growth driven by operational profits, (2) increase in price/earnings ratio (P/E) multiples, and (3) dividend payouts and share repurchases (Fig. 2) . Some principal differences between unconventional-gas companies and diversified majors can be inferred by comparing their cash-flow accounts and balance sheets; unconventional-gas producers (Fig. 3a) and diversified majors (Fig. 3b ) obtain their working capital from different sources. Fig. 3a shows that unconventional-gas producers must typically raise additional cash from financing activities (equity and debt financing) to supplement lagging cash flow from operations, in order to pay for new capitalexpenditure (CAPEx) projects. The required CAPEx investments to secure future cash flows cannot be covered from the operational net cash flow of some unconventional-gas producers, as has been elaborated in an earlier cash-flow analysis of 24 oil and gas companies (Weijermars 2010b and 2011a) .
The average profitability [return on average capital employed (ROACE)] for the peer group of unconventional-gas companies over the study period (2002-07) was 0.5%, which implies that the weighted average cost of capital (WACC) of approximately 7% was higher than the profits they earned. TSRs for the shareholders in the underperformers of this peer group are not generated by economic value added, but by investor expectations driving an improved share price. If equity finance is subsequently raised, this could provide collateral for new debt-financing, provided that gearing permits this. Debt can boost shareholder value by reducing the total cost of capital, depending on interest rates, and thus may add to capital gains of shareholder value. For some unconventional-gas companies studied here, a track record emerges with negative cash flow from operations (nonprofitable), which leads to a deteriorating cash position (low liquidity) and a weaker solvency for assets.
The diversified oil and gas majors in the peer-group panel studied here can typically cover all CAPEx needs from their net cash flow from operations. In fact, a detailed cash-flow analysis (Weijermars 2010b and 2011a) has shown that only half of their net cash flow suffices to cover new CAPEx outlays and the other half is used to reward shareholders with dividends and share repurchases (Fig. 3b) . The average ROACE for the peer group of major oil and gas companies over the study period (2002-07) was 22%, which implies the WACC could be amply covered by them. Real economic value is added by all these diversified oil and gas companies, and new shares need not be issued by them. For these companies, the track record shows a high profitability on the income statement (profit/loss account), which translates to an excellent liquidity on the cash-flow account, which in turn creates room for the building and acquisition of new assets that continue to add value to the corporate balance sheet.
A powerful key performance indicator for monitoring the relative performance of oil and gas producers is the amount of profits (net cash flows) used by the company to reinvest in the business. This item is strictly accounted for in the annual US Security and Exchange Commission (SEC) filings of these companies (form 10-K for US companies and forms 20-F and 40-F for foreign entities) and appears as so-called retained earnings on the corporate balance sheet. Synonyms used for retained earnings are retained profits, earnings reinvested, reinvested capital, undistributed income, reserves, and, when negative, accumulated deficit. Retained earnings start to accumulate from the incorporation of a company and are recorded over the full trading life of the company. The cumulative profits retained by the company (after any dividend payouts and share repurchases) are commonly used by the company to help finance assets growth. Fig. 4 plots the retained earnings for our peer group of diversified oil and gas majors, which grow year-after-year and accelerated over the past decade. Table 3 shows the corresponding data. Rapid growth in retained earnings continued over the past decade in spite of remitting 50% of the net cash flow from operations to shareholders [actual average for the peer group; for details, see the separate cash flow analysis by Weijermars (2011a) ]. This means diversified oil and gas companies have done well in generating economic value as well as TSRs by using retained earnings for reinvestment in company assets. Fig. 5 plots the retained earnings for our peer group of unconventional-gas producers over the past decade; Table 4 shows the corresponding data. A modest growth in retained earnings occurred over the past decade for three operators (Devon, EOG, and xTO). However, the two most active unconventional-gas players (Chesapeake and Petrohawk) show a weak track record when it comes to earning any profits for reinvestment in the company: They have not earned any positive net profit for reinvestment in the company as per 31 Dec 2009. Instead of accumulating positive retained profits, both companies accumulated deficits in the 20-year (Chesapeake) and 13-year (Petrohawk) life cycles of their business existence. Chesapeake was beginning to accumulate some positive retained profits between 2004 and 2008 but lost all of these profits in 2009 (Fig. 5 ). Devon Energy has done well in the past, but has seen some of its previous retained earnings evaporate after operational losses began to mount because of the low gas prices of mid-2008; nearly USD 5 billion of retained earnings was lost again from its balance sheet in the course of 2008 and 2009 (Fig. 5) . Table 5 summarizes some of the major differences observed in the business performance of unconventional-gas producers and diversified oil and gas majors from a financial-analyst perspective. The past decade's track record of some of the unconventional-gas companies studied here is characterized by a declining business performance-low profitability leads to poor liquidity, which in turn diminishes the firm's solvency. The working-capital model of Fig. 3a applies to such unconventional-gas companies. For diversified oil and gas majors, the track record is much better, with high profits, excellent liquidity, and robust solvency. The shareholder returns in these conventional oil and gas companies come from real capital gains due to realized operational profits, plus dividend payments. The working-capital model of Fig. 3b applies to such diversified oil and gas companies.
Quantitative Analysis of Past TSR Performance
The equity investment in any company must satisfy shareholders with a rate of return on investment (TSR) that rewards investors for the risk taken. The cost of equity can be estimated using the capital asset pricing model (CAPM) (Lewis and Pendrill 1996; Lumby and Jones 2003) . Management must align its efforts with the interests of shareholders to realize high returns on investment. Shareholder value is critically dependent on profitability and capital use, as discussed in dedicated accounting journals (Andersson et al. 2006 , Table 3 has the source data.
2008). Stock performance is a reflection of a firm's efficiency in attracting earnings and accruals to realize positive cash flows (Dechow 1994) on the basis of future expectations.
TSRs calculated in this study are based on the following definition:
where P denotes share prices at beginning (subscript T start ) and end (subscript T final ) of the study period and D cum are the dividends accrued. The capital-gains portion of a company's TSR performance is given by (P Tfinal -P Tstart ).
The three performance components that can affect TSR are profit growth (or decline), an increase (or decrease) in investor expectations, and free cash-flow yield (dividends and share repurchase, Fig. 2 ). These are detailed below.
Profit Growth (or Decline). One way of representing the components mathematically is as follows:
Profit growth (%) = 100 × (∆E/E Tstart ), . . . . . . . . . . . . . . . . (2) where ∆E represents the absolute improvement or decline in earnings and E Tstart is the starting figure. The end result is a percentage improvement or decline in profitability.
Increase (or Decrease) in Investors' Expectations. The P/E ratio (price per share/company earnings per share) can be understood as the company's market capitalization divided by its total corporate annual earnings. If the P/E ratio is 10, then the purchaser of the stock is paying USD 10 for every dollar of earnings (net income) for the company. P/E ratios are the most common measure of investor expectations. Higher P/E ratios commonly reflect a greater expectation for further share price appreciation and profit improvement in the future.
To allow for negative earnings figures, which complicate the mathematics of P/E ratios, this form of equation essentially divides the percentage increase in share price (the capital gain) of the study period into that part that can be explained, with some caution, by profit improvement or decline and that part that might be explained by increased or reduced investor expectations. New capital issues do not necessarily raise share price, but do add working capital on the company's balance sheet (Fig. 3a) . Other definitions of free cash flow exist. This one focuses on dividends. In the case of share buy backs, the free cash-flow yield follows from the total amount of cash paid to share buy backs divided by the market capitalization. Fig. 6 shows an analysis of past shareholder value creation (TSR) by the five established major oil companies, which hold mainly conventional oil and gas assets. Their average TSR amounted to 23%, which is the compounded annual growth rate (CAGR) over the 6-year study period . This TSR came primarily from economic value added through profit growth (27% on average) and in smaller part from free cash-flow yield (7%), while some TSR value was lost because of a decline of P/E multiples (-11%). Table 4 has the source data. Fig. 7 shows the TSR buildup for the five unconventional-gas companies included in the peer group. These results reveal that capital gains of market capitalization have been largely driven by share price increases fuelled by investors' future expectations and much less by economic value added through profit growth. The analysis of past shareholder value creation in the peer group of unconventional-gas companies further revealed that free cash-flow yields are negligible. The capital gains contribution by investor expectations (P/E multiples) has outperformed the contribution by economic profit for all five companies studied. It can be concluded that investments in unconventional-gas companies deliver TSRs that are based on rapid growth by capitalizing on investors' appetite and issuing new shares. These shares have then funded capital expenditure to amass more asset value, and fuel further investor interest with fast growth of market capitalization. This is what has driven past TSR on investments in the US unconventional-gas business. Such a growth pattern is typical for the early stage of new business development. Nonetheless, the creation of any longlasting and sustainable shareholder value must be built on profit growth from operations.
Benchmarking TSRs of Conventional and Unconventional Producers

Six Principal Value Drivers for Future Shareholder Returns
This study proceeds to analyze the potential for future value growth in the unconventional-natural-gas business segment. Generating economic value added growth by higher profitability (ROACE) and lower cost of capital (WACC) is essential to create sustainable capital gains for shareholders in any natural-gas business (Fig. 3a) . A simple framework is adopted here for better understanding the value drivers of a competitive advantage for natural-gas companies (Fig. 8 ). This practical model distinguishes six principal value drivers (Watson 2010 These principal value drivers are in any business, including the natural-gas business, interconnected as shown in Fig. 8 . The key parameters that affect the value drivers of intrinsic profit growth are production volume, pricing, and full-cost accounted production expenses. Current business profits (on the annual and quarterly profit/loss statements) are created by the product of sales volume and net commodity value (commodity price -unit cost). The balance sheet shows how business value is accumulating in the company, and total net assets (fixed assets plus working capital) must be funded by capital financing (debt and equity). The cost of capital (e.g., WACC), commonly comprising payments for a combination of debt and equity capital, indicates a minimum for how much return investors should expect to make on their investment for the risk they are taking.
Management of unconventional-gas companies must prudently build investor value. Three possible cases of managementcompetency level and business-opportunity quality can be distinguished:
• Competent management and poor business opportunity. Management of concurrent US gas business commonly operates in this category.
• Competent management and excellent business opportunity. Future higher gas prices may create opportunities that competent management could exploit. The aim of competent management, whether operating in a poor or excellent business climate, must be the optimization of the parameter settings for each value driver. This includes asking questions such as "What is our company's competitive advantage?" and "How long will it persist?" This is not only an analytical strategy exercise, but also a team challenge, and dedicated training may help to keep the management team aligned (Watson 2010) .
The strategic management of unconventional-gas companies can build business value by optimizing operational profits in a difficult business environment. Unconventional-gas business must learn to generate further capital gains from economic value added rather than by issuance of new equity capital. Investors have become increasingly reluctant to bankroll debt rollover, and the equity market will not easily raise more equity capital for unconventionalgas companies. Table 6 provides additional questions for optimizing the value drivers for profit growth and business optimization. For example, production volume can be enhanced by acquiring field assets only into acreage that holds sweet spots, so that the volumes for the expected ultimate gas recovery are high. The company must have a strategy to mature its technically recoverable resources into economically recoverable proved reserves with the lowest expenditure and the highest density of sweet spots. Sweet spots are geological conditions that favor commercially viable well flow rates and high ultimately recoverable volumes that surpass the expectations for tail-end gas production. Volume-connected-to-the-well can be enhanced by hydraulic fracturing but is costly and pays back only if sweet spots can be "created" by this method. Natural-gas prices cannot be influenced by the company, but timing of asset development can. Timing of asset development can positively affect gross margins when seizing the future moment when natural-gas prices are better than today. Gas prices are currently low, but can be higher in the future and that is when production of capped wells of nonproducing proved reserves could become increasingly attractive in Europe and elsewhere. Full-cost-accounted gas production means prudent cost management can make a difference between destruction and creation of shareholder value.
When it comes to the building of long-term business value, the accumulation of profitable net assets in the company's balance sheet (Table 6 ) is important, and capital expenditure on additional assets must be funded by free cash flow from operations, often complemented with additional capital financing (Weijermars 2010b) . The cost of capital is currently high for startup companies because of relatively low credit ratings (commonly BB Junk bond status, or lower investment BBB grade), which therefore have a distinct competitive disadvantage over established companies with credit ratings of AAA to AA (for details, see Weijermars 2011a). This study further discusses how security of gas supply is influenced by the profit/loss opportunities for unconventional-naturalgas companies under current and future natural-gas prices, and cost of current and future technology recovery capacity.
Profit-Optimization Parameters
Sustainable business value in unconventional-gas operations must be built primarily on profits and not on continuous equity issuance. The key parameters that determine the settings of three principal value drivers for value adding through profit growth (production volume, pricing, and costing) are discussed further in this section. Table 7 shows the typical items that make up the cost structure for oil and gas operators. A direct comparison of total commodity production cost structure for unconventional-gas operators and diversified oil and gas majors is not attempted here. Conventional oil and gas companies in our peer group panel report all production cost (including natural gas) in USD per barrels of oil equivalent ($/BOE). In contrast, most unconventional operators report all production cost (including oil) in USD per thousand cubic feet gas equivalent ($/Mcfe). Conversion of the cost structure for the two peer groups is included, but remains positively biased for oilincome-dominated conventional oil and gas companies, and negatively biased for natural-gas-income-dominated unconventional operators. Therefore, cost structure is analyzed here separately for each peer group.
The profitability of commodity sales price vs. unit cost of an oil and gas operator can be concisely expressed by the margin. The margin essentially shows the difference between revenue (often before corporate tax) and expenditure, divided by the revenue: Margin (%) = 100 × (pretax profit/revenue). . . . . . . . . . . . (5) Pretax profit is gas revenue less expenses; a margin of 15% means that the company makes USD 0.15 profit on every dollar of gas sales revenue (note that the main difference between margin and ROACE used in Eq. 2 is that ROACE is a measure for return on investment while margin is measure for return on sales. Both can be expressed as before or after tax). Fig. 9 provides a breakdown in the commodity cost per barrels of oil equivalent (BOE) for each of the five leading conventional oil and gas majors. The margins received by the upstream activities of these conventional operators are included in Fig. 9 , using the integrated mean of commodity sales price realized over the year. Production volumes of natural gas, oil, and other liquids are indicated in both BOE and Mcfe. The standard conversion used in annual reports by conventional oil and gas companies converts gasproduction volumes to oil volume equivalent (and vice versa) using a factor of 5.8 Mcf/bbl. Distinctly different, unconventional-gas companies commonly convert gas and oil in their annual reports on production volumes and reserves using a conversion factor of 6 Mcf/bbl per barrel of oil, on the basis of the approximate relative energy contents of gas and oil. Convergence and agreement on a universal conversion factor for oil and gas volumes in accounting reports for oil and gas companies clearly is an area that needs attention in future updates of SEC regulation and reporting standards. The conversion scales used in the left and right volumetric price scales of Fig. 9 and Figs. 10 through 14 are all based on the conversion factors adopted by the respective companies graphed.
The realized pretax margin is highest for Exxon (52%) and lowest for Shell (33%) based on 2009 upstream performance. Cost of interest payments is negligibly small for all operators in the conventionalgas peer group. Fig. 9 reveals principal differences in the cost made for reserves replacement in depletion, depreciation and amortization (DD&A) ( Table 7) , which are the lowest for Exxon (at 1.04 $/Mcfe) and the highest for Shell (at 1.79 $/Mcfe). This reflects a pattern where Exxon succeeds in replacing depleted production volumes at 58% of the cost made by Shell (using DD&A as the indicator). A future strategy for Shell could focus on an improved margin by finding cheaper finding, development and acquisition (FD&A) (see Table 7 ) volumes, such as those Exxon succeeds in. What is also striking in Fig. 9 is that BP production cost [lease operating expenses (LOE)] is lowest for the peer group. This cost is a reflection of the fact that much of BP's production is in low-cost economies (e.g., Russian TNK-BP venture), which also explains the relatively low average price per unit volume fetched by BP (Fig. 9 ) in these regional markets. The concatenated income components from the various business segments of the vertically integrated majors (upstream, downstream, and chemicals) have been analyzed separately in a proprietary study that shows that upstream income growth is lagging compared to the income growth from the downstream and chemical segment over performance period .
The commodity unit cost for unconventional-gas companies has also been analyzed for the five peer-group companies. The conventional oil and gas companies all had good to excellent margins in 2009 (Fig. 9 ), but this cannot be said for unconventional gas companies. In fact, all have negative 2009 income from gas sales, with the exception of xTO, which has managed to mitigate the low naturalgas prices by an exceptional hedging strategy and thus still deliver a positive margin in 2009. In order to track the margin performance of the five unconventional-gas companies in the peer group, their results have been studied over a 3-year period covering 2007 (before the Great Recession), 2008 (onset of the Great Financial Crisis in August 2008), and 2009 (recovery from the Great Recession). Acreage must be used such that reserves mature without undue delay.
TABLE 6-KEY QUESTIONS AND OPTIMIZATION AIMS FOR UPPER MANAGEMENT OF UNCONVENTIONAL-GAS COMPANIES
-Working capital management
How efficient and speedy is our supply chain? Will it be more or less in the future? How critical is it? What strategies do we have?
Clockspeed must be faster to capitalize on the time value of money. Make sure capital comes from operational profits mainly, and not from unsustainable income from financing activities.
-Cost of capital
How does the market perceive the level of risk in our business? How will this change? What is our strategy for managing risk?
Risk must be minimized and credit rating improved to bring WACC down and keep volatility in check (beta values should be 1 or lower). For all unconventional-gas companies, the cost of reserves replacement tends to vary over the past 3 years. A rising cost of DD&A trend is highlighted in the graphs for EOG Resources (Fig. 11 ) and xTO Energy (Fig. 12) . Devon energy has impaired significant oil and gas asset carrying value in 2008 and 2009, which tends to offset the cost pressure on Reserves replacement costcost of any EOR or overhaul is also accounted for in FD&A. Incurred cost will lead to higher recovery factor and increases reserves; cost of abandonment of platforms and wells not. DD&A Depletion, depreciation and amortization. Depletion means depreciation of cost for replacement of reserves produced; the depreciation matches diminished value of assets acquired through past FD&A cost.
TABLE 7-TYPICAL COMMODITY COST AND EXPENDITURE FOR OIL AND GAS COMPANIES
Impairment of gas property asset carrying value can lower current DDA cost; downtime of well will mean production is deferred; no depreciation cost over deferred production.
Other Depreciation, Amortization
Depreciation and amortization of additional property and equipment, often gathering and midstream pipelines.
May also include depreciation cost of company vehicles used for operations and any storage facilities. Impairment Impairment of gas property asset carrying value. Impairments include amortization of unproved oil and gas property costs, as well as impairments of proved oil and gas properties.
Unproved and proved properties with significant acquisition costs are amortized over the lease term and any impairment in value is immediately expensed based on net present value (NPV) analysis. mpanies incur significant R&D cost (commonly 1% of earnings), which is expensed on the income statement before income taxation Discount Discount value is commonly set at 10% in SEC filings and accounts for risk premium.
Corporate hurdle rate, accounting for return on capital risked.
Comments
Depreciation Depreciation refers to prorating a tangible asset's cost over that asset's life. The cost is spread out over the predicted life of the field, with a portion of the cost being expensed each accounting year.
For example, an office building and fixed wellheads can be used for a number of years before these become run down and obsolete.
Amortization Amortization usually refers to spreading an intangible asset's cost over that asset's useful life. For example, the cost of a licence is spread out over its life cycle, with each portion being recorded as an expense on the company's income statement.
It is important to note that in some countries (e.g., Canada) the terms amortization and depreciation are often used interchangeably to refer to both tangible and intangible assets.
replacement of produced volumes reflected in the reduced DD&A for 2009. The impairment cost can be understood as write-offs or expensing of oil and gas assets for which FD&A was already paid for in the past on the basis of economic proved reserves status at earlier prevailing market projections but now no longer deemed economic for the foreseeable future; DD&A will be unburdened by the impairment charge in most cases. Devon also has taken some asset retirement cost in 2008 and 2009, which differs from impairment, depletion, and depreciation cost; asset retirement costs are related to facility abandonment, dismantling, and environmental remediation. Devon had some USD 1.5 billion revenue from marketing and midstream activities, contributing USD 0.5 billion to 2009 net income. This income is excluded from the margin for 2009. Devon's minimum full-cycle cost of commodity less impairments is 3.78 $/Mcfe in 2009; this rate does not include FD&A for total asset base (only DD&A for depleted production). Fig. 11 plots the margins for EOG Resources. The company uses the successful efforts method of accounting. EOG made a small profit in 2009 by asset sales (hence the income tax), but its margin from oil and gas sales is negative. EOG also received marketing, gathering, and processing revenues of USD 407 million, with a net income contribution of USD 350 million after expenses. The DD&A cost for EOG has steadily increased between 2007 and 2009 because of increasing cost of new land leases to replace depleted production. EOG's minimum full-cycle cost of commodity less impairments is 4.04 $/Mcfe in 2009; again FD&A for the total asset base is not included. In conclusion, xTO and EOG both have deployed past FD&A strategies that have not resulted in any disproportional impairment cost over the 3-year performance period highlighted here. They have located sweet spots and acquired acreage that can be produced economically under current expectations of asset carrying value. In contrast, Devon, Chesapeake, and Petrohawk all have taken huge impairment charges. Their portfolio's included poor acreage that now has been expensed by these companies in 2008 and 2009. A note of caution must also be added for the future asset carrying value of xTO (part of Exxon as of June 2010), which has benefited from extraordinary price hedging between 2008 and 2009 that may not be sustainable if natural-gas prices remain suppressed for several more years.
Recommendations for Maximizing Shareholder Value
Previous studies have shown that unconventional-gas companies have maintained liquidity in their cash flow and solvency in their assets, using a range of tactical instruments:
• Debt rollover and new equity issuance (Weijermars 2010b and 2011a) • Asset sales and leases or outright mergers (e.g., xTO-Exxon; Weijermars 2010c, 2011b)
• Shift of gas CAPEx to Oil CAPEx (Weijermars 2011c) • Improving proved reserves by infill drilling (Weijermars 2011d) The present study has analyzed the TSR performance and sources of capital gains in unconventional-gas production companies and compared these to those of conventional oil and gas majors. Unconventional-gas companies need to adopt a new view to improve the current economic case over the medium and longer term. They must evolve beyond autonomous strategies that make tactical use of management accounting principles to maintain corporate liquidity. Their balance sheets must be restored with retained earnings from operational profits after dividend payments. The shareholder returns can be paid as long as adequate liquidity in the cash flow account can be maintained by the entry of new shareholders that buy into newly issued equity paper. For sustainable business success, operational profits must take over the role of providing capital gains.
Profitable unconventional-gas companies distinguish themselves from unprofitable ones by having acquired quality acreage, entirely similar to the global chase for locating and acquiring access to prime asset value by conventional E&P companies. Cost should be kept down, but there are practical limitations to rapid gains in costs associated with the FD&A of unconventional-gas assets. Instead, most gains can be made by optimizing production volumes from acreage. Acreage finding and development must result in wells with high flow rates (for maximum internal rate of return) and high economic ultimate reserves (EURs) (economically recoverable ultimate reserves for maximum NPV). Costly impairments of previously acquired acreage can be avoided by better screening of smaller leaseholds before acquiring bigger plots. Establishment of reliable well-productivity type curves and improved horizontal-well completion methods are essential for the successful assessment of well flow rates and high EURs.
Discussion
This study is based entirely on primary data reported by the companies involved in audited annual reports. We also reviewed numerous investor presentations made by unconventional oil and gas companies and concluded that these are based on a very selective subset of data that sometimes could even be labeled as conjured. Investor presentations typically understate the structural weakness of the business fundamentals in the unconventional-gas industry and overstate the future potential. An explicit example of a turnaround in profit boasting resumes is provided by an April 2011 investor presentation by Chesapeake, the unconventional-gasindustry leader. The presentation confirms negative earnings from past gas production and emphasizes that these have been partly compensated by speculative gains in acreage value. The volatility of unconventional assets and acreage value itself provides reason for grave concern, as is discussed in a companion study that is in review (Weijermars In press) .
One question that is frequently surfacing is this: If we accept that unconventional-gas companies are not turning a profit, then why are oil and gas majors and foreign oil and gas companies flocking to get into these areas? The answer is that there has indeed been considerable strategic interest in the unconventional-resource plays. The tactical assumptions made by these companies are as follows:
1. They have seen conventional gas prospects dwindling, which leaves unconventional plays as the only long-term alternative.
2. They want to buy into the skills and competencies and master the technology required to develop unconventional plays.
3. They have seen unprecedented reserves growth reported by unconventional-gas companies (more than 350% for the past decade), while oil and gas majors themselves maintained reserves replacement ratios close to unity, without any significant net growth in reserves.
4. They have acquired nearly all potential acreage in China, India, Australia, South Africa, and Europe, mostly to ensure future access when these plays become economic.
As per completion date of the final revision of this study, it is becoming clear from informal discussons with a substantial number of unconventional-gas professionals at major oil and gas companies that the traditional industry players are becoming increasingly critical about the business fundamentals of unconventional gas for the short-term. Among the assets they have recently acquired, tight gas has the least problems and shale gas the most. It is beyond the scope of this study to disclose further details, but with the entrance of majors in unconventional-gas assets a new set of hurdle rates and a more stringent reserves reporting culture are now applied to unconventional-gas assets. This will inevitably lead to a more-realistic business model for unconventional-gas operations. We also think this next phase in the unconventionalgas business will be accompanied by major litigation and recourse on the basis of unprecedented volatility in asset value allegedly because of gross misrepresentation of business fundamentals for a number of asset sales and joint ventures.
Finally, a comprehensive 2009 supply cost analysis for 20 unconventional-gas companies by Deutsche Bank (Fig. 15) indicates an average break-even cost of USD 6.50/Mcf for new and current acreage, using a 10% discount rate. To rival the typical 2009 margins of between 33 and 52% realized by conventional gas operators (Fig. 9) , the natural-gas price for unconventional-gas operators would need to be higher than 10 USD/Mcf. Current US wellhead gas prices are atypically low (hovering near USD 4/Mcf), and the North American unconventional-gas industry may be well placed to consolidate its business performance, provided that the price of natural gas recovers past 2008 highs.
Until the recovery sets in, Table 6 provides further practical suggestions for attention areas to improve corporate value creation by capital gains through true economic growth. Practical hints for improving the business performance by modulating the firm's operational clockspeed in times of recession and recovery have been formulated elsewhere (Weijermars 2011e) . Additional discussion may be needed for a broad engagement by personnel at all levels in the company to agree on and implement the right value drivers. An approach for this is outlined by Watson (2010) .
Conclusions
Unconventional-gas companies in North America have paved the way for a new unconventional-gas industry. Their pioneering spirit required risk taking and a long-term vision. Now is the time to review the achievements, improve transparency in operating results, and consolidate the business model for sustainable success. This is much needed because the majority of investors are still trusting the industry's fundamentals, while some have already started to bail out. Once investors get burned on gas investments, shale-gas exploration and production companies now emerging around the world will have a difficult time finding venture capital-the reputation of the upstream gas business with the global investor community is at stake.
This study juxtaposes the business fundamentals of unconventional-gas operators and oil and gas majors. Retained earnings accu-mulate positively year upon year for all five oil and gas majors. In contrast, new unconventional-gas operators include a majority with negative earnings. These companies accumulated deficits instead of positive retained earnings over the past 2 decades of their existence. Further analysis shows the peer group of conventional oil and gas companies have excellent margins, ranging between 33 and 52% in 2009. In contrast, the margins for representative unconventional gas operators such as Chesapeake, Petrohawk, and Devon ranged between -49 and -74% in 2009. Among the peer group of independent unconventional-gas operators, only xTO Energy managed to realize a positive margin of 34%. This positive margin was entirely because of derivative trading and price hedging, which in xTO's case held their 2009 gas sales price locked in at approximately 8 USD/Mcf, twice the actual gas spot price in 2009.
A central part of our study explains the difference in the workingcapital cycles of conventional-and unconventional-resource companies (Fig. 3) . Oil and gas majors have profits high enough to pay for shareholder dividends and new assets for real business growth. Unconventional-gas operators need to raise new cash (equity and debt) from the market to pay for new assets, generally 50% or more of the annual cash flow comes from financing operations. In an attempt to pinpoint the critical TSR components, a Boston Consulting Group method is adopted and adapted.
The overall conclusion of this study is that unconventional-gas companies must now rapidly improve on their past hit-and-run strategies (acquisition and impairment). They should practice less of a "braille" method for FD&A, a term coined in Berman (2010a, b) meaning that poor acreage is drilled indistinctly from high-yield acreage. Smarter FD&A would be aided by massive research spending, something that unconventional companies have not been particularly good at in the past. The data compiled in this analysis have shown that research that leads to better acreage performance is more than likely to deliver returns on investment that easily outweigh the cost of past impairments. Technology improvements will help to improve margins in the longer run, but such improvements take time. Until that happens, locating a sweet spot by superb exploration, optimum well-completion and -stimulation technology, fracture-fairway using, and EUR optimization is what companies should invest in. Delft University of Technology has recently launched an Unconventional Research Initiative (Weijermars et al. 2011) to help accelerate the development of unconventional gas resources for play openers in Europe by providing integrated research and knowledge support. Such research is complementary to ongoing efforts in North America and elsewhere.
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